Keywords: age balanoposthitis body weight preputial flora a b s t r a c t Objective: Redundant prepuce and phimosis are known risk factors for balanoposthitis. It is usually caused by retrograde infection and is related to the preputial bacterial flora. We investigated differences in the preputial bacterial flora between patients with balanoposthitis and physiological phimosis. Materials and Methods: Fifty-six male children were included in the study. Fifteen patients presented to the emergency room or outpatient department with balanoposthitis. Forty-one patients with physiological phimosis received a circumcision. Preputial swab cultures were done. Differences in age, body weight, and preputial flora between these two groups of patients were compared. Results: Patients with balanoposthitis in this study were significantly younger. Common uropathogens were predominant in patients with balanoposthitis, whereas in patients with physiological phimosis, the main isolates were enteric flora other than common uropathogens. Patients with a body weight higher than the 50th percentile of the normal growth curve had a lower risk of balanoposthitis (odds ratio ¼ 0.212). Conclusions: The preputial bacterial flora in patients with physiological phimosis may change from enteric flora to common uropathogens which are predominant in patients with balanoposthitis. Furthermore, patients at a younger age and with a lighter body weight also had increased susceptibility to balanoposthitis.
Introduction
Balanoposthitis is an inflammatory disease that involves the glans penis and/or the prepuce. It is associated with many different disease entities, including infectious diseases, allergic dermatitis, psoriasis, lichen planus, seborrheic dermatitis, and premalignancy disorders such as Bowen's disease and penile intraepithelial neoplasms. 1 The most common symptoms are pain, erythema of the glans and prepuce, papules, fissures, and discharge. In children, the most common cause is bacterial infection, 2,3 which is usually retrograde and caused by bacteria which have migrated to the preputial sac. 4 One theory is that the normal bacterial flora of the preputial sac acts as a defense barrier against uropathogens, which are the most common causes of balanoposthitis. 5 Redundant prepuce and phimosis are risk factors for balanoposthitis in children. 6e9 Serour et al 10 found that pure facultative Gram-negative rods are significantly more common in uncircumcised than in circumcised males.
The correlation between nutrition and immunity is also well documented in the literature. In one study, nutritional supplementation was given to malnourished children in developing countries to improve their immunity, thus increasing the thymus size, T lymphocytes, and anthropometric values, 11 and this concept was supported by other studies. 12e15 Many anthropometric parameters can be used to evaluate the nutrition status, such as body weight, height, arm-to-head circumference ratio, etc. Additionally, we used a normal growth curve of children, which is a chart indicating different body weight ranges for different ages, to estimate a patient's development status compared with the general population at the same age.
In this study, we investigated differences in preputial bacterial colonization between patients with balanoposthitis and physiological phimosis. We also used body weight as a nutrition indicator to compare differences between these two groups.
Materials and methods
Fifty-six male children aged 1e14 years were enrolled, including 15 children who presented at the outpatient department or emergency room with balanoposthitis (Group A). All patients in Group A were uncircumcised. Forty-one patients were circumcised due to physiological phimosis but without infection (Group B). This study was approved by the institutional review board, and informed consent was obtained from the parents of all patients. Patients in both groups received prepuce swab culture with sterile transport swab (COPAN Innovation, Brescia, Italy). The prepuce was retracted in patients who underwent circumcision, and the swab culture was taken around the inner prepuce and coronary sulcus before the antiseptic procedure. Patients with balanoposthitis received prepuce swab culture directly from the preputial discharge.
All swab cultures were immediately sent to the central laboratory. The culture results were divided into four categories: (1) common uropathogens; (2) normal skin flora; (3) enteric flora other than common uropathogens; and (4) no growth. The different categories between these two groups of patients were compared with the sum of positive culture flora in each category. Patients' ages were recorded and divided into two groups: 6 and >6 years old. Patients' body weight was also divided into two groups: 50th and >50th percentile according to the Normal Growth Curve of Body Weight of Children in Taiwan. 16 Statistical comparisons were made using c 2 tests and logistic regressions. Statistical significance was defined as p < 0.05.
Results
Mean ages of patients with balanoposthitis (Group A) and physiological phimosis (Group B) were 4.20 (1.75e10.08) and 7.93 (1.08e14.91) years, respectively. Thirteen patients (86.67%) in Group A and 12 patients (29.27%) in Group B (29.27%) were aged 6 years old (p < 0.001) ( Table 1) .
Based on the culture results ( Table 2) , 26 of all enrolled patients (46.4%) had multiple isolations, whereas four (7.1%) had no bacterial growth, which was exclusively seen in patients without balanoposthitis. There were 26 positive culture results in Group A and 60 in Group B. In Group A, percentages of common uropathogens, normal skin flora, and enteric flora other than common uropathogens were 50.0%, 37.8%, and 19.2%, respectively. In Group B, percentages were 25.0%, 22.2%, and 41.7%, respectively (Table 3 ). There were statistically significant differences in common uropathogens (p ¼ 0.02) and enteric flora other than common uropathogens (p ¼ 0.04) between the two groups. In other words, common uropathogens were predominant in patients with balanoposthitis, and enteric flora other than common uropathogens was significant in patients with physiological phimosis.
Most patients in Group A were 6 years old, and we compared differences in preputial bacterial flora in the subgroup aged 6 years old between these two groups. Culture results are listed in Table 4 . However, there was no significant difference in preputial bacterial isolations from patients 6 years old who had balanoposthitis or physiological phimosis ( Table 5 ).
Eight patients (53.33%) in Group A and eight patients (19.51%) in Group B had body weights of 50th percentile of the normal growth curve. In Group B, 33 patients (80.5%) had heavier body weights (p ¼ 0.01) ( Table 6 ). By a single variant logistic regression, patients with body weights of >50th percentile had a lower risk of balanoposthitis (odds ratio ¼ 0.212, 95% confidence interval 0.059e 0.759) (data not shown).
Discussion
During male embryologic development, the genital tubercle develops into the glans penis at approximately 9e11 weeks of gestation. In the 12th week, the surrounding ectoderm develops the preputial fold, which grows distally to cover and fuse with the glans. At birth, there is normal physiological phimosis, and retraction of the prepuce is difficult in most infants. As the penis grows during the first 3 years, epithelial debris mixed with prostatic and seminal secretions, mucin of the urethral gland, and prepuce mucosal secretions (smegma) accumulates between and gradually separates the glans and prepuce. After the age of 3 years, 90% of the prepuce can be retracted. 17 As the prepuce is separated from the glans penis, preputial bacterial colonization occurs.
Prior studies investigated differences in the prepuce microenvironment between younger and older pediatric age groups.
Smooth muscle fibers were rich in younger children but were dominated by elastic fibers in older children. 18 Epithelial Langerhans cells, a type of antigen-presenting immune cell, were not found in the mucosa of the newborn prepuce but were found in the epithelium of the adult foreskin. 19 Such evidence suggests that the microenvironment of the prepuce may change with age and affect the immune function of the preputial sac. Thus, the prevalence of balanoposthitis may differ in different age groups. 20 The present study used 6 years of age as the cut-off age for dividing patients into two groups because it is the age for entering elementary school in Taiwan. In this study, most patients with balanoposthitis were 6 years old. This result may be related to better maturation of immunity in older children, who have better self-care ability and improved personal hygiene. Furthermore, their prepuce is more easily retracted for cleansing.
Agartan et al 4 demonstrated that the preputial flora is agedependent. In their study, enteric flora was predominant in the first 6 years of life, whereas in older children, the main preputial colonization was normal skin flora. Their results were related to stool contamination in younger children, who needed to use diapers. As the children grew older and no longer used diapers, they also developed mature immunity and improved personal hygiene, and their preputial bacterial flora changed.
In our study, the difference in preputial bacterial flora between patients with balanoposthitis and those with physiological phimosis was analyzed. Positive uropathogen isolates were found in more patients with balanoposthitis, whereas enteric flora other than uropathogens was predominant in patients with physiological phimosis. Hellerstein 5 showed that the periurethral area becomes colonized with normal aerobic and anaerobic skin microorganisms, which may play a protective role as a barrier against potential pathogens. Disturbances in normal periurethral microorganisms such as antibiotic administration due to a respiratory tract infection may facilitate potential uropathogen colonization. The difference in preputial bacterial flora of the two groups in this study can be explained by this theory.
Because the preputial bacterial flora was possibly age-related as discussed above, we compared the difference in preputial flora in the subgroup aged 6 years to control for the variant of age. There was no statistical difference in these subgroups. However, common uropathogens still predominated in Group A patients with a >50% positive culture rate. Additionally, this result indicated that age might be a more important indicator of balanoposthitis than the preputial bacterial flora.
Chevalier and colleagues 11 proved that supplementation with adequate protein, calories, and zinc improved the anthropometric values of malnourished children, followed by better immunity. The anthropometric values included weight-for-height, arm-to-head circumference ratio, and clinical examination for edema, loss of subcutaneous tissue, and diminished muscle mass. In this study, we used body weight as a predictor because patients were relatively healthy children, and body weight was easily accessible. However, body weight of children is highly correlated with age. In the preliminary study, the correlation coefficient of body weight to age was 0.848. Therefore, we divided patient's body weight into lighter or heavier than the 50th percentile according to a normal growth curve chart. In this way, we could investigate if body weight was related to balanoposthitis in patients at the same age. As age was controlled for, children with a heavier body weight had less chance of having balanoposthitis. This finding might be because heavier patients had better nutrition and immunity, and thus were less susceptible to pathogens.
There are some limitations to this study. First, this was a retrospective review study, and the study population was small. The case numbers of the two groups were not equal, which may have resulted in a statistical bias. Second, prior inflammatory episodes in the group without balanoposthitis (Group B) were not surveyed, and further balanoposthitis episodes after circumcision were not followed up. Prior inflammatory episodes may alter the immune microenvironment of the preputial sac. However, these patients were relatively healthy children and usually came to our outpatient department for circumcision as a first visit. Previous medical records were not easily available. Moreover, most patients would not have long-term follow-up after the operation if there were no complications. Finally, the study simply used the percentile of body weight and divided patients into two groups with a cut-off point of the 50th percentile. Extreme populations (those who were overweight or malnourished), which might have different immune conditions, were not surveyed. Clearly, prospective studies with more parameters related to balanoposthitis are required. Nevertheless, this study is the first report on preputial bacterial colonization in Taiwanese children and introduces body weight as an indicator to assess the immune status of children.
In conclusion, the preputial bacterial flora in patients with physiological phimosis may change from normal skin flora and enteric flora to common uropathogens, which were predominant in patients with balanoposthitis. The higher prevalence of common uropathogens in patients with balanoposthitis may be in accordance with retrograde contamination by urine. Moreover, patients with a younger age and lighter body weight also had increased susceptibility to balanoposthitis. 
